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FOREWORD 
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The report was prepared by the Boeing Aerospace Company, Seattle, 
Washington. The work was sponsored by the Flight Dynamics Laboratory 
(AFWAL/FIBR) at Wright-Patterson Air Force Base, Ohio. The sponsorship 
was through contract F33615-77-C-3051 with W. A. Sotomayer as technical 
monitor. 

The report consists of a summary of the aerodyanmic theory used in 
the steady and unsteady numerical calculations, a presentation of the 
aerodynamic modeling, and surface pressures and force coefficients. 

The principal investigators were Dr. A. Dusto and Dr. M. A. Epton 
of Boeing. They were assisted by Dr. F. T. Johnson, Dr. E. J. Zeppa, 
and Dr. P. E. Rubbert of Boeing. 
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1. SUMMARY 


This report presents results from analyses of steady and unsteady flows 

about several configurations involving the wing of the F-5 fighter airplane. 
The analyses were performed using higher order panels methods and the 
configurations analyzea included the following: the clean wing (both in an 
unbounded and in a wind tunnel] wall bounded atmosphere), the wing with an 

‘ external missile store mounted at the wing tip, and the wing with an external 
missile store mounted on a pylon at the lower surface of the wing. The flow 
Macn number ranged from 0.6 to 1.35 in steady flow and from 0.6 to 0.95 in 
unsteady flow. Each steady flow case is analyzed at three angles of attack 


(0.5°, 0.0°, -0.5°) while each unsteady flow case consisted of unsteady pitch 





oscillation about zero angle of attack.* The reduced frequency of the 
| oscillation was in the range from 0.2498 to 0.3955. The computed results 
include chordwise pressure distributions along wing sections at eight spanwise 
locations from 18.1 to 97.7 per cent semispan. The results also include the 
i coefficients of lift and pitching moment for each complete configuration as 
well as the coefficients of aerodynamic force and couple arising from the 


pressure on only the surface of the missile store. 





* Some clarification here: steady solution was generated from the CAT II 


pilot code [subsonic, steady] and served as input to the subsonic unsteady 


pilot code. 
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Z. INTRODUCTION 


Steady and unsteady flows about the wing of the F-5 fighter airplane have 
been calculated using the panel methods described by references 1 and 2. 
Calculations are performed for several configurations. The configurations 
consist of the clean wing and the wing with several external store 
arrangements which are described in section 3. The results presented here are 
to be used as part of a larger study. In that study the F-5 wing 
configurations will be evaluated by alternative analytical methods as well as 
by wind tunnel testing. This report presents the results of the panel method 
analysis in the form of chordwise pressure distributions and in the form of 
aerodynamic forces and couples evaluated at selected reference points on the 
configurations. This report does not provide a discussion of the results nor 
does it draw conclusions; it presents only the computed results and the basis 
of the computations. 

Section 4 contains a description of the analytical method. There is a 
brief description of the flow theory and the pane] method for its evaluation. 
Those descriptions are not complete, and they are provided only as a point of 
contact with their complete descriptions appearing in refs. 1 and 2. Section 
4 also contains those geometric details of the F-5 wing which are required for 
the panel method of analysis. Section 5 describes the aerodynamic surface 


paneling and the boundary conditions used in the computations. Section 6 


presents the computed results. 
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3. DESCRIPTION OF THE CONFIGURATIONS EVALUATED 





The configurations evaluated consist of the F-5 fighter airplane wing, 


Sar aA 
x 


figure 1*, accompanied by a missile attached to a launcher and mounted in 
either of two positions: (1) at the wing tip, and (2) suspended from a pylon 
below the wing surface, figure 2. Figure 3 provides the details of the 
launcher and of the pylon while figure 4 shows the details of the missile 
including the planforms of the fins. 

The F-5 wing has an airfoil section which is constant with span and which 
has the upper and lower surface coordinates shown in figure 1. The wing 
section aft of the 40 percent chord point is symmetric about the wing 
reference plane. The wing tip has a fairing which increases the wing span by 
0.025 meters when the tip launcher is removed. The reference semi-span of the 

| wing, which is 0.6226 meters, does not include the tip fairing. The reference 
wing area is 0.2604 square meters. 
| Figure 2 shows the locations of three strain gage balances, which were 
used in wind tunnel] tests to measure the aerodynamic force and couple acting 
on the launcher and the missile. Figure 2 also shows the coordinate system 
which is used as the reference frame for the computations. The origin of this 
system is seen to be located at the apex of the wing; and the position of the 
missile, in each of its two positions, is described in figure 2 by identifying 


the coordinates of the missile forebody nose relative to the wing apex. 


The dimensions shown on figures 1 through 4 are the dimensions of a wind 


tunnel model of the F-5 wing. The model was tested in a wind tunnel having a 


rectangular test section whose dimensions relative to the model are shown by 


Figure 5. 
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* Figures are located on pages 34 thru 584. 








4. ANALYTICAL METHOD 
4.1 PROBLEM FORMULATION 


The theoretical model used in the calculations is based on the assumptions 
that both the steady and unsteady flows are small disturbance flows, 
references 1 and 2. Thus, a steady component of flow is approximated by a 


potential, 6, satisfying the following flow equation: 


8 byy + yy + O27 = 0; (1) 


while an unsteady component of flow is approximated by a complex potential 





* 
amplitude, ¢ , satisfying the following flow equation: 


(ial * * eh ae A EY aed 
Boy tb yt 822 - wM Hit lo) Md =O (2) 
where 
e = LN, (3) 
Mo = freestream Mach number, 
3 = wl, (4) 


Uy = freestream velocity magnitude, and 
w = Circular frequency of the unsteady flow component. 
The steady flow boundary condition at aerodynamic surfaces, reference l, 


is given by 





eee ee a 


eee eee ee ee ae ae eT ee ETI eT EE TOE TT TE 





where W is the first order approximation to the steady mass flux vector given 
by the following expression (which may be developed from the linearized 
Bernoulli equation in steady-state form plus a first order perturbation of the 


density*); 


Wap. ((U, *8° 6) T+ 6 9+ 4, KI, (6) 


and n is a unit vector normal to the surface. The disturbance pressure and 
the aerodynamic forces are computed assuming that the pressure coefficient is 


related ta the velocity potential by the following second order equation: 


Co = (G2 (2, 6, + V6. Ve - Me (2) 1 (7) 





where V = V6 represents the steady disturbance velocity. 
In the case of oscillatory unsteady flow, the total velocity potential is 


given by 


@=UxtotR (Fe *) (8) 





where R( ) denotes the real part, ¢ denotes the mean steady flow perturbation 
* 

potential, and ¢ denotes the complex amplitude of the unsteady perturbation 

velocity potential which must satisfy eqn. (2). The aerodynamic surface 


boundary condition for the unsteady component of flow, reference 2, is given by 


Whe -W. (S xf) + OCU aD. fi (9) 
where 0 

ak — * ._,* koa 

w= 0, (Vo -# (ias" + 6°) 7) (10) 





* See reference 3 for pertinent background information 
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= complex amplitude of the unsteady disturbance 
mass flux vector, 
Do = freestream fluid mass density, 
= complex amplitude of the unsteady displacement of 
the aerodynamic surface, 
S = 12 0xd (an) 
= first order approximation to the complex 


amplitude of unsteady surface rotation, and 


M 
p= A (1 - 7 oy) (12) 
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= fluid mass density in the steady component of flow 





In the numerical implementation, equation 9 was imposed directly on the wing, 
Jauncher pylon, and missile fins. On the thick missile body it was imposed 


indirectly by requiring that the perturbation potential remain zero inside the 


surface source strength so as to create the conditions required by equation 9 
on the exterior surface of the missile body. 

The unsteady pressure coefficient is shown by reference 2 to have a 
complex amplitude related linearly to the complex amplitude of the unsteady 


velocity potential. The relationship is as follows: 
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4d 
missile body, combined with the imposition of an oscillatory amplitude of the 
? — * =< — * 
Co =U { is P¢ 12, + (W/ PLUS) .Vd ] (13) 


This expression was used to evaluate the pressure at the surface of the 
missile body. At all other surfaces (namely, those of the wing, the launcher, 
the pylon, and the missile fins) the unsteady pressure coefficient was 


evaluated using the following expression: 
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Co =H (ie ot 8) (14) 


The boundary conditions at the aerodynamic surfaces are approximated by 
truncated Taylor series expansions. In the case of the missile body, the 
expansion is about the mean steady location of the surface, Appendix B of 
ref. 2; while, in the case of all other surfaces, the expansion is about a 
reference surface which is either planar or cylindrical and which is generated 
by a straight line parallel to the freestream direction. In the case of these 
other surfaces, the unsteady flow boundary condition, shown as ean. (9), 
reduces to the following expression evaluated at the reference surface: ¥ 


aX = * ok 
wW D 


-f=-p, (U,. @ Sen eUiie 


; 6a a] (15) 
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where nf is a unit vector normal to the reference surface. Similarly, the 
boundary condition associated with the mean steady component of flow is 
expressed by ean. (5) linearized in the conventional manner about a mean wing 
plane. 

For the case of pitch oscillation the complex amplitude of unsteady 


surface displacement at any point (x,z) on the surface is given by 


D =o, ((2=2,) i- k= %,) & (16) 


where 8 is the maximum angle of the pitching motion, (x53 z) is the 


location of the pitch axis, and where 7, i. k represent the unit base vectors 


j 
of the coordinate system. The pitch rate, Q, is given by 
F jwt 
Q= ive R(e ) (17) 
7 











where R( ) denotes the real part. The surface rotation shown by eqn. (11) is 


computed from eqn. (16) to find 
oS 6. 4: (18) 


At all surfaces except the missile body surface, the vector n, normal to the 


reference surface is such that 


hence, using this result and substituting eqs. (16) and (18) into ean. (15), 
the boundary condition is found to be as follows: 


aX 


Ww .hez-P U en 


Te (1 + io (x - Xo] (19) 


where this expression is evaluated at the reference surfaces of the 
configuration components. 

The boundary conditions associated with the mean steady flow satisfy eq. 
(5) on the missile body, and they are linearized in the conventional manner 


for all other surfaces. 


4.2 NUMERICAL METHOD 


The numerical method used is the higher order pane] method of ref. 1 and 2 


wherein the velocity potential is expressed in terms of sources and doublets 
distributed over the aerodynamic surfaces. The aerodynamic surfaces are 
subdivided into smal] panels. On each panel the strength of the source 
distribution is a linear function of the coordinates of a point on the panel, 
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o(Q)=o,+ oe + Opn (20a) 


where &€,n are the coordinates of the point Q lying on the panel. Similarly, 
the strength of the doublet distribution on each panel is a quadratic function 


of the panel surface coordinates, i.e., 


1(Q) = Ho + eG + My + : nee + Henn + ; unnn® (20b) 


Equations (20a) and (21b) describe the strength distribution of steady sources 
and doublets. Completely analogous expressions describe the complex 
amplitudes of the strength distributions of unsteady sources and doublets, 


namely: 


| 0°(Q) = 0, + OE + GAN (21a) 


The source and doublet distribution coefficients in the right-hand members 
of eqns. (20) and (21) are related by a least squares method to the source and 
doublet strength at control points, references 1 and 2. The control points 
are located at panel centers and at the edge of a panel which forms part of 


the edge of a network, references 1 and 2. 


u"(Q) = up + HEE + Un + ‘i Meee 2 + ueQen+ ; wayne ——*(2b) 





5. PANEL METHOD MODEL 
5.1 SURFACE PANELING 
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Figures 6 through 15 show the wing with two cases of external missile 


' 


store: (1) mounted at the wing tip, and (2) mounted at the under wino pylon. 
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In both cases the wing paneling is coincident with the wing reference plane | 





1 Shown in figure 1. The launcher, when tip mounted, lies in the wing reference 
plane; and, when the launcher is under wing mounted, the launcher and pylon 
lie in a plane parallel with the freestream direction and normal to the wing 
reference plane. The missile body is a body of revolution whose generator, 
when the wing is at zero angle of attack, is parallel with the freestream. 

The missile fins are infinitesimally thin, planar surfaces intersecting the 
missile body at body generators at azimuth angles which are ninety degrees 


apart around the missile body. 





Figure 16 shows the wing paneling consisting of thirteen panels in the 
chordwise direction and thirteen panels in the spanwise direction. The 
location of the edges of the panels in the chordwise direction relative to the 


wing leading edge are given by the following formula: 
Ey = 0.5¢ [1- cos (mS) ] (22) 
where c is the local chord length and 


Sy = (M-1)/(MMAX-1) (23) 
where 

M = 1,2,3...,MMAX 

MMAX = 11. 








Three additional panel edges are introduced to provide panel edges 


intersecting the pylon at its ends and providing the panel density (in the 


Noe ene et, 


region of the pylon) necessary to represent the pylon induced interference 


a¢ 
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flow. The panel edges are located at the streamwise locations shown in Table 1*. 


* Tables are located on pages 23 thru 32. 
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The spanwise locations of the panel edges are computed using the following 


SEs. 








d equation: 


ny = b sin (Sy T1/2) (24) 


where b is the span of the wing shown in figure 1 including the tip fairing 


(viz., b = 0.6476 meters) and 


Sy = (N~1)/ (NMAX~1) (25) 
for 

N = 1,2,3...,NMAX 

NMAX = 11. 


Three additional spanwise edges are inserted to accommodate the intersection 
of the underwing pylon and the tip launcher. This leads to panel edges at the 


locations shown in Table 2. 
where Cp (= 0.6396 meters) denotes the wing root chord length, figure 1. 


Wake surfaces trail downstream from each of the following surfaces: the 
wing, the pylon, the launcher, the aft end of the missile body, and each of 
the missile fins. In all cases the wake surface is a cylindrical surface 
whose generator is parallel with the freestream. These surfaces are paneled 
such that the panel spacing in the freestream direction is equal to 
one-sixteenth of the wave length of the doublet strength harmonic variation 


along the wake surface. The doublet strength varies as follows (ref. 2, eqn. 


(5.28)): 


11 














u'(x,8) = w (cs8)Leos(w(x-c)) + i sin (w (x-c))] (26) 


where i (ess) is the doublet strength at the trailing edge of the surface 
from whence the wake emanates and (x-c) is the distance downstream from the 
trailing edge. The wave length of the harmonic variation is 

L = 2 T/u; 
hence, the streamwise panel spacing is chosen as 

27 /(16w) 
This panel spacing is chosen so that the quadratic distribution of doublet 
strength on each panel, ean. (21), will] accurately approximate the harmonic 
variation shown by eqn. (26). Each wake surface extends downstream 7.5 


root-chord lengths. 
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The wind tunnel walls shown by figure 5 are represented by panel networks 


extending from x = -3.0 to X = 5.0; thus, the tunnel] walls extend 1.5 
root-chord lengths upstream and downstream of wing. The tunnel walls are 
treated as solid and a wake surface extends downstream from each wall. The 
tunnel is modeled like a ring-wing having zero incidence to the undisturbed 


freestream. 


5.2 STEADY FLOW BOUNDARY CONDITIONS 


As noted in the preceeding, the configurations are constructed from six 


types of components: (1) the wing, (2) pylon, (3) launcher, (4) missile body, 


(5) aft fins, and (6) forward fins. All of these components, except the 


missile body, are approximated by thin-wing theory, cf., chapter 5 of 


reference 4; thus, their aerodynamic surface boundary conditions are expressed 


in terms of a truncated Taylor series expansion about mean, defining 


surfaces. Equation (5) becomes 




















' 
| 
4, LW he (27) 
zo PopUp - x 
a: 
; where: , 
W = 0°67 + bi + 6k = perturbation mass flux vector (28) 
Po 
4 
fi is a unit vector normal to the mean surface of definition; and ny is the 
X-axis component of the actual, aerodynamic surface normal. Letting « 
: represent angle of attack in radians and letting the airfoil surface be 
decomposed into camber plus thickness, so that (n/2 - a ~ a. F a+) 
approximates the angle between the aerodynamic surface normal and the x axis, 
eqn. (27) becomes 
: Ao ae x ; = : ; | 
Bo, Nee CON -a-a, a,) - a - a, Oy (29) | 
| Bd 
where | 
= = 2 
we-W - AU) 





and where the plus and minus sign before ay is a result of the symmetry of 


the thickness shape relative to the mean defining surface. Letting the 


dsl nem alaieainin eth 5 aie 


strength of the source distribution at the mean, defining surface be given by 


(p. 129 of ref. 4) 





Ce) 

. gee (30) 
pet 

| eqn. (29) reduces to eqn. (30) plus the following: 

} 

{ 

4 i=. Aa 
4 Dla oe ee (31) 

i which is the boundary condition which must be satisfied at the mean, defining 

; surfaces. 
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a The wing, the pylon, and the launcher were treated as having thickness 

; using eqn. (30) but the thickness of the missile fins was completely ignored. 

. For the wing the thickness and camber are computed from the airfoil data shown 

on figure 1. The wing boundary conditions, shown by eqns. (30) and (31), are 

applied at control points located on the wing planform edges and at the 

centers of the panels shown by figure 16. The values of the camber and 

; thickness slope angles at control points along a typical chordwise wing 


, section are shown in Table 3, where eu is the distance from the wing leading 





Jauncher have camber but they have the thickness shapes shown in figure 3. 


edge to the Mth control point and C is the chord. Neither the pylon nor 
At the missile body surface at points indefinitely near the surface but i 


exterior to the missile body the flow incidence is, 


b 


where U, is the freestream velocity vector, is set equal to the strength of 


q 
| 
sources distributed on the missile surface, i.e., | 
G=-U,. A (32) 


At points indefinitely near the surface but interior to the missile body the 


disturbance velocity potential is set to zero by imposing a Dirichlet boundary 





condition. As a result of satisfying these two requirements, the boundary 
condition shown in eqn. (5) is satisfied at the surface of the missile body 


and the flow interior to the body is the undisturbed freestream. 


on een Sn oe 


As shown by ref. 5, section 1.3, the general form of the boundary 
i. condition, which can be applied at a control point of the panel method, is 
1 
3 by the following equation: 
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CW, fi) +7, . vy Did, + Cy (fig. ft) + Ty . Vp + Dydy = BET = (33) 


where W, V> ¢, respectively, represent the mean steady values of the 
disturbance mass flux, velocity, and potential. The subscripts u and &, 
respectively, imply evaluation at the upper and lower sides of a surface when 
the upper side is the side where f is positive. The coefficients Cw Ce, 

; ts Tys Des and Dy, as well as the value of BET are specified by the user 

of the panel method computer program. The values of these quantities are 
specified by exercising the options listed in tables 2.2 and 2.3 of ref. 5. 
The option choice and the types of networks (ref. 5, section 2.4) chosen for 


each configuration component are shown in Table 4, 


The option NROPT2=1 indicates that the value of BET, appearing in eqn. 





(33) for the second boundary condition is supplied by the subroutine called j 


INPUT. The values supplied were as follows: 


BET = a, - a(IACASE) for IACASE = 1,2,3 (34) 
where 

a(1) = 0.0° 

a(2) = -0.5° 

a(3) = 0.5° 


The values of a (i.e., the camber surface slopes) are given by table 3. 
Similarly, NROPT1=1 indicates that the value of BET for the first boundary 
condition is supplied by INPUT. The values supplied were 

BET = 2.00, 
where the values of a, are given by table 3. The option NROPT2=5 indicates 


— 


that the value of BET for the second boundary condition is computed in 
subroutine CBET. Subroutine CBET performs the following computation: 
BET = -n, coSa({ IACASE) -n, Sina( IACASE) (35) 
for IACASE = 1,2,3 
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where ny and n, are the x and z axis components of the unit vector normal 


to the surface. 
5.3 UNSTEADY FLOW BOUNDARY CONDITIONS 


Equations (9) and (15) show the unsteady flow boundary conditions used. 
Eqn. (9) is applied for control points at the missile body surface while eqn. 
(15) is applied at the mean, defining surfaces of all other components. The 


ak = . . . 
surface displacement D and rotation 3 for the case of pitch oscillation 





are shown by ean. (16) and (18). Eqn. (19) shows the result of substituting 
these expressions into eqn. (15); eqn. (19), therefore, represents the 
boundary condition which is applied everywhere except at the missile body 


surface. Substituting eqns. (16) and (18) into ean. (9) yields 


Wone- p, C(U, * a d,) 0-6, 9) cs 


; Mo? , - 
- i(l - Ue: A w ((z - 20) Ne (x - Xo) a] 8% 
This expression describes the boundary condition applied at contro] points on 
the missile body surface; hence, o, and $, represent derivatives of the 
mean steady flow potential evaluated at those control points. 

The general form of the boundary condition in unsteady flow has the same 
form as (33) except that BET, W, Vv, and ¢ are all complex. The choice of 
network type and the boundary condition option used to determine the 
coefficients of the unsteady flow form of eqn. (33) for each configuration 
component are shown in Table 5. The option implied py NROPT1 and NROPT2 is 
that the real and imaginary parts of complex BET, see eqn. (33), are supplied 


by subroutine CBET. If the control point is on the missile body surface, 


1é 








subroutine CBET sets BET equal to the right-hand side of ean. (36) evaluated i 
at the contro! point. If the control point is at any other surface, BET is 
set equal to the right-hand side of ean. (19). The unsteady flow boundary 
condition applied to the missile base is indential to the base boundary 

condition in steady flow, where it correctly produces a Kutta condition off | 
the aft end of the missile body. Analysis of the unsteady results shows that 


we did not achieve a Kutta condition in unsteady flow and upon reflection we 
now believe that a different base boundary condition is required in unsteady 
flow. Unfortunately we have not had time to derive and implement such a 
boundary condition. 


6. COMPUTED RESULTS 


Seven configurations were evaluated; they are listed in Table 6. 





Each configuration was evaluated at three steady angles of attack (viz., 0.0°, 
0.5", and -0.5°) measured from the wing reference plane, figure 1. Each 
configuration was also evaluated at unsteady pitch oscillation about a 
spanwise axis at 50 percent of the root chord, figure 9. The maximum 
amplitude of pitch is | 


max = 000199 radians (38) 
and the frequency of the oscillations is 40 Hz. so that 
w = 80 n radians/second (39) 


Also, the freestream velocity is given by 


U = My a (40) 
where 


ao 
u 


338.7 meters/second (41) 


is the freestream speed of sound so that the reduced frequency of the pitch 
oscillation is 
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K = -2373/M, (42) 


where the characteristic length has been chosen to be one-half of the wing 


root chord. 


The Mach numbers at which the configurations were evaluated are as shown 


in Table 7. 
6.1 AERODYNAMIC SURFACE PRESSURE DISTRIBUTIONS 


The aerodynamic surface pressure coefficient (both steady and unsteady) 
was evaluated along chordwise lines at the eight spanwise stations shown in 


figure 17. As indicated by figure 17 these eight chordwise sections are the 


locations where pressure orifices were positioned for wind-tunnel tests of the 


wing. The upper and lower surface pressure coefficients (Cp and C_ ) were 
u 


p 
L 
evaluated using eqns. (7) and (13). The lifting pressure coefficient namely; 


aCp = Cp -C (43) 
Rr og 


is also evaluated. In the case of unsteady flow the real and imaginary parts 


of the pressure coefficient complex amplitude were normalized by the maximum 
amplitude of the pitch oscillation; thus, 


* 
C /e 
p max 


is computed as a basis for evaluating the unsteady pressure coefficient correspo 


nding to a unit (i.e., one radian) amplitude of pitch oscillation. 
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The paneled geometry used for case 1 is displayed in figure 18. The 
steady flow pressure distributions for this case are shown in figures 19-210 
and the unsteady flow pressure distributions are shown in figures 211-274. 
The paneled geometry used for case 2 is displayed in figure 275. The steady 
flow pressure distributions for this case are shown in figures 276-323 and the 
unsteady flow pressure distributions are shown in figures 324-355. The 
paneled geometry used for case 3 is displayed in figure 356. The steady flow 
pressure distributions for this case are shown in figures 357-380 and the 
unsteady flow pressure distributions are shown in figures 381-396. The 
paneled geometry used for case 4 is displayed in figure 397. The steady flow 
pressure distributions for this case are shown in figures 398-421 and the 
unsteady flow pressure distributions are shown in figures 422-437. The 
paneled geometry for case 5 is displayed in figure 438. The steady flow 
pressure distributions for this case are shown in figures 439-462 and the 
unsteady flow pressure distributions are shown in figures 463-478. The 
paneled geometry for case 6 is displayed in figure 479. The steady flow 
pressure distributions for this case are shown in figures 480-503. The 
unsteady flow pressure distributions are shown in figures 504-519. The 
paneled geometry for case 7 is displayed in figure 520. The steady flow 
pressure distributions for this case are shown in figures 521-568. The 
unsteady flow pressure distributions are shown in figures 569-584. 

The points shown graphically and tabularly on figures 18-584 are a result 
of a linear interpolation of the data computed by the panel methods. The 
panel methods compute the values of the pressure coefficient at the centers of 
the wing panels shown by figure 16. The spanwise locations of the panel 
centers do not coincide with the spanwise locations of the pressure orifices 
shown by figure 17. The values shown in figures 18-584 are the result of 
linear interpolation between the panel method values at the panel centers at 
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either side of the wing section where the pressure is evaluated in these 


figures. 


6.2 MISSILE STORE AERODYNAMIC FORCE AND MOMENT 


Tables 8-11 contain the steady and unsteady aerodynamic force and moment 
coefficients which evaluate the airloads on each configuration and on the 
missile stores at the centers of balance locations shown on figure 2. The 


coefficients are computed from the following formulas: 


x 


C= es ff Cpa. ids ~ side force (44) 
C= = fs CoA. Ras ~1ift force (45) 
Cy St Sf C, ((R - Re) x A] . J ds ~ pitching moment (46) 
C, = cae Ss Cy ((R-R,) x A] . 7 ds ~ rolling moment (47) 


where C, is the pressure coefficient from ean. (7) in steady flow and from 
eans. (13) and (14) in unsteady flow; fi is a unit vector normal to the 
aerodynamic surface S$; i, j, k are the unit base vectors of the coordinate 
system shown on figure 2; Rp is the position of the balance center (labeled 
“center of balance" in figure 2) relative to the origin of the coordinate 
system; Sp (= 0.2604 sq. meters) is the reference area of the wing; bp 
(= 0.6224 meters) is the reference semi-span; and Cp (= 0.4183 meters) is 
the mean reference chord. 

Table 8 shows the lift coefficient and pitching moment coefficient for 


each configuration at the three steady angles of attack: 0.5°, 0.0°, -0.5°. 


The lift force is regarded as being in the direction of the z coordinate line 








Oe x 
; (figure 2) and the pitching moment is about a spanwise axis at the half root 
chord. The surface of integration, S, in the case of this table of data, is 
the entire aerodynamic surface of the wing and missile store. The position 
vector Rp is given by 


Rp = .3198 (meters) 7 (47) 
For Case 1 the lift force obtained from the wake circulation is shown in 
parentheses. This method is known to be quite accurate and the disagreement 

' with integrated values can be attributed to coarse leading edge paneling. 


Table 9. shows the complex amplitudes of unsteady lift and pitching moment 
coefficient for each configuration. These coefficients correspond to pitch 
oscillation with a maximum amplitude of one radian. The surface of 
integration, S, is the entire aerodynamic surface and the reference position 
vector Rp is, again, given by eq. (47). 








| Table 10 shows the side and lifting force coefficients and the rolling and 
pitching moment coefficients for the missile store when the wing is at a 
steady angle of attack. In each case eas. (44 - 47) are evaluated choosing | 
| the surface of integration to be that of the missile and the missile 
launcher. In the case of the tip mounted missile 


Xe 


_ 


Rp = -48 (meters) 7 + .635 (meters) j (48) 


in the case of the under wing, pylon mounted missile 


| 
Seed 


g = +43 (meters) 7 + .477 (meters) j - .066 (meters) k (49) 


Table 11 shows the complex amplitudes of the corresponding unsteady force 
and moment coefficients. 
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7. CONCLUSIONS 


Numerical calculations for steady and unsteady flow have been made 
for a fighter aircraft wing with external stores. These calculations were 
made for harmonic pitch oscillations about a line through the midpoint of 
the root chord for reduced frequencies of up to k = 0.4. Calculations 
took the form of pressure distributions for both the upper and lower wing 
surface. Force coefficients were also calculated over the Mach range of 
M= 0.6 to M= 1.35. These data are provided for comparisons of the 
numerical calculations with other numerical methods and with experimenta” 


results. 
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Table 1 Chordwise Coordinates of Panels on Wing Surface 
- M Eylc 
0.0 
0.02447 
0.09549 
0.2061 
0.2504 
0.3455 ; 
0.5000 ! 
0.6545 
0.7032 
0.7362 i 
0.8117 
0.9045 
0 
1 
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Table 2 Spanwise Coordinates of Panels on Wing Surface 


N 2ny/Cp 
0.0 
0.3168 
0.6258 
0.9193 
1.1903 
.4319 
4916 
.5520 
.6383 
. 8043 ) 
9259 
.9468 
.001 
.0250 
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Table 3 Camber and Thickness Angle of Slope of Wing Airfoil 
“4 
“| M Bm/Cc a, radians at, radians 
! | 1 1.0000 0.0000 ee 
2 0.9875 0.0000 ~0.06119 
3 0.9389 0.0000 -0.06118 
4 0.8068 0.0000 -0.06112 
5 0.7735 0.0000 -0.05637 
6 0.7199 0.0000 -0.04572 
7 0.6788 0.0000 -0.03770 
8 0.5754 0.0000 -0.02404 
9 0.4218 0.0000 ~0.002439 
10 0.2987 0.0037 0.02214 
11 0.2291 0.01612 0.03472 
12 0.1518 0.03039 0.05127 
13 0.06126 0.05775 0.0933 
14 0.01289 0.07366 0.3164 
15 0.0000 0.078 -~-- 
25 





Table 4 Steady Flow Boundary Condition Options 








| 
7 COMPONENT NTS NTD NLOPT1 NROPT1 NLOPT2 NROPT2 
i 
‘ wing i 12 5 il 1 
(0 0 4 1)* 
launcher 1 12 5 1 4 5 
| (0 0 4 5)* 
ok pylon 1 12 5 1 4 5 
. (0 0 4 5)* 
missile body 1 12 5 3 7 2 
(0 0 7 2)** 
missile body 1 12 6 Z 7 2 
base closure (0 0 7 ays 
missile fins 0 12 0 0 4 5 
wind tunnel 0 12 0 0 4 3 
! walls 
| 
| wakes 0 18 0 0 4 3 
* 
| : Network edge control point choice of options where they differ from the 
panel center control point choice. 
: kk 
At network edges abutting a missile body base closure network, NLOPT2 = 3. 
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Table 5 Unsteady Flow Boundary Condition Options 





COMPONENT NTS NTD NLOPT1 NROPT1 NLOPT2 NROPT2 
4 
nae wing 0 12 0 0 4 5 
Tauncher 0 12 0 0 4 5 
pylon 0 12 0 0 4 5 
missile body 1 12 5 5 7 2 
. (0 0 7 2)* 
missile body 1 12 6 2 7 2 
base closure (0 0 7 2)** 
missile fins 0 12 0 0 ‘4 5 
wind tunnel 0 12 0 0 4 3 
walls 
wakes 0 18 0 0 4 3 





| ‘ 
At network edge control points on network edge abutting a missile body 


base closure network. 
kk 


L Network edge control point. 
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Table 6 Configuration Indentification Numbers 


1. Clean wing including tip fairing, figure 1. 





2. Clean wing including tip fairing and mounted in a wind-tunnel, 
figure 5. 
3. Wing without tip fairing but with tip launcher. 
4. Case 3 plus tip missile body. 
5. Case 4 plus aft missile fins. 
6. Case 5 plus canard fins. 
7. Case 1 plus under wing pylon, launcher and missile (including both 


aft and canard fins). 


Table 7 Flow Evaluation Conditions 


Configuration Steady Evaluation Unsteady Evaluation 


Number Mach Numbers Mach Numbers 


Og. 585495 0955 L205, Toh, 1.38 05485 995 495 
6, .8 6, .8 
8 8 
ra 8 
8 8 
«8 8 
6, «8 6 
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Table 9 Unsteady Lift and Pitching Moment Coefficients 








Cl, M= .6 Cl, M= 8 Cl, M=.9 Ci titee- 06 
| | C) 3.5563 1.1276 3.9957  .6578 4.5043 .4646 4.7764  .2197 
| C” -.07585  -.5834 -.1475  -.5863 -.2818  -.7893 -.5969  ~.9292 
| . C2, M= .6 C2, M= .8 

C 3.7649 1.0839 4.4828 5308 

C3640 ~. 4645 3346 -.5769 


8 


u 


C3, M 

4.1001 .7014 

.3139  -.5376 
C4, M= .8 


4.4216 -6556 


-.2467 -.6399 


4.6544 -5680 


-.3917 ~.6180 


C6, M= .8 
4.7840 4629 


-.4709 ~.5619 


3.6673 1.1413 


-0788 -5813 
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Table 10 Steady Force and Moment Coefficients for Missile Store 






C3, M= .6 C3, M= .8 
See Seis Vereen twee: -eckds - Saceub 
on 0 0 0 
es -.00076  -.00007 —-. 00063 
e 0 0 0 
Gi -.00013 -.00005 00003 
C4, M= .8 
Gj -.00076  -.00086  -.00081 
C, -.00196  -.00019  —-.00158 
Gy -.00004 -.00001  -.00003 
Cm -.00052 -.00013 —-.00026 
| C.5, M= .8 
ey ~.00455  -.00460 -.00459 
C, -.00317 -.00028  .00261 
Ce -.00341  -.00030  — . 00281 
va -.00070 -.00015  -.00323 
C6, M= .8 
Gs -.00458  -.00460  -.c0460 
G: -.00323  -.00029 00265 
Cy -.00018  -.00002  .00014 
Gi -.00073 -.00016  —.00042 
| Giese (7, M= .8 
Gy -.00299  -.00196  -.00095 -.00374 -.00254  -.00137 
| G 00466 .00493 00519» 00546 = «.00574~—S«. 00601 
| Co -.00015 =.00009  -.00005 -.00018  -.00013  -.00007 
G. -.00288  -.00248  -.00209 -.00318  -.00278  -.00236 


32 


eS ee en ee —— eee ee eee 
~~ + _— 





ee ent ce te am 


a ce nae ce a al a at Ra 
ne na ae = ean laatetnies Peat. aan — ee 


Table 11 Unsteady Force and Moment Coefficients for Missile Store 
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| cy eS 
c .0612 0096 | 
Cf .0626  .0098 | 
c* .0232 -.0012 | 
C4, M = 38 | 
: 1 
3 ~.0022 .0003 
y | 
1652 0270 | 
ct .0034  .0009 | 
ra 05490 -.0083 : 
C5, M= .8 | 
4 ~.0836  .0260 
c .2955  .0176 
ct .0168 ~.0001 
c* 0298 ~-.0083 
C6, M= .8 
* 3203 -.1194 | 
{ 
1 
.4191 -.0289 
cf 0230 ~.0023 
ct .0233 -.0017 
C7, M= .6 
| 
. 0998 -.0008 ! 
| 
c .0421 0420 | 
Cp 0049 -.0004 
* 
“i 0290 ~.0414 
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Figure 15 SIDE VIEW OF PANELED WING AND MISSILE ON PYLON 
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Figure 17 LOCATION OF PRESSURE ORIFICES AND TRANDUCERS 
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Figure 54 
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86, Chordwise Pressure Distribution, Steady, Configuration 1 
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112, Chordwise Pressure Distribution, Steady, Configuration 1 
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156, Chordwise Pressure Distribution, Steady, Configuration 1 
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Figure 358, Chordwise Pressure Distribution, Steady, Configuration 3' 
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Figure 370, Chordwise Pressure Distribution, Steady, Configuration 3 
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Figure 373, Chordwise Pressure Distribution, Steady, Configuration 3 
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Figure 374, Chordwise Pressure Distribution, Steady, Configuration 3 
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Figure 416, Chordwise Pressure Distribution, Steady, Configuration 4 
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Figure 423, Chordwise Pressure Distribution, Real, Configuration 4 
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Figure 438, Configuration 5 


ecu atsasaeantl TTR tata alts ils Lats SPetAcabided 3 ¥ 


pont, ane na ces Lt an a a a 





a a ee tee ee 





pana pet nt 
ana ate bet AON arent rm tre 


G uoLQeunBijuoy ‘Apeags *UOLYNGL44SLg aunssaug @Simpsoyu) “6E% sunbry 


GeFZttek S8-Nuf-2I 


HAO 


}USLILJJ909 aunssaud d, 
472 


V¥¥S'O GY8Z'- 9652'0 Z10 

6E¥i°O ¥807%'~ 9790'- 090° 
SZE0°= 9P0}*- LLbi*= ISi' 
6260'- 2980" ZEli‘- zz" 
VELO'~ OIib*= OFSi'= 86z' 
O6S0'= C8El'=- Zlli'- bey’ 
9910'~ SOSb*=- LEsk'- els° 
SOlO'= L2azb"= Lesi'= 629° 
bL600°= SO91L'= OSZ1‘- O%L' 
$L00'= 6220°- vO8O'~ ¥i2° 
1S00'= ylOO'= SZ10'~ 858° 
8Z00'* Z¥10°0 8110'0 OF6' 
Z100"~ 9283'0 FISL'O 886° 


3410) = B3MOT. =Y3BddN = =9/X 
4W919144909 SuNnss3ud 





0 STONE 2009°6 «== “OW FOUN 








wee ee 





Seperins) aS ee Se 


Ae a 


~ 


mtn ne 2 a 











Fa me i 


Ku ATOONOKRD-MONK 
ZU MO OCNSCAAAOCHKRBDO 1 
Ww— O-~nNiNOoo-oownr 
3° SOCCCOCOK-- OOP | 
Sssesrres3s1s soo | 
Le COAnt—6-O0r-ON i 
WUE TROON MOAN 
it 3 DMODOK“ANAWKOM 
o8 MOOO KK KH OOOH | 
ua Oorrsaserseess ' 
Se SCOO-YOBDOYT-OH 
QU AK BOTCNTNOT TOR 
OA KRO-OMTORORACOO 
= KOOCO Se eKe HK Neer e 
2. oor rtrsstsyparsreo j 
O POBZBTOADnrDa-ON HHO 
NN OF ONAN ANAND OM 
— ROOKnKOH ENN OO me. HD 
wn 
i= 
rs} | 
_ oT oad 
as aw 
oe 
se f=] 
m mn 
—_ ‘~- 
s €£ 
“ oO 
~ = © 
GS x 
* rae 
. re) ao} 
in} 2 = 
w 
5 | 
4 “ 
Led a : 
oO fog 
3 ¢ 
= 2 
a Ss 
uc 2 
ou) 
Ry) ‘= 
‘ie » 
4 ae) nr 
oS snes 
= Q 
» { 
Wk 
> = 
= a : 
A n 
2 w 
$ 
a 
Ny w 4 
- n d 
° els 
2 3 
AD x 
& = 
Pe, a) 
; 
o ‘ 
ys 
A 
pom J 
mn 
= ‘ . 
= | 
| 
yuatdijjsao0d aunssaud 6°94 








tENT 
DIFF i 
802 0.0035 
704 0.0049 
132 0.0065 
805 0.0076 
§2 0.0080 
21 0.0082 
81 0.0064 
8 -,0082 
§ ~;0347 
7 ~.0504 
§ 0.0220 
7 0.2295 
8 0.7102 
i 


Oorrresssssrsr6 
DOOTOROMBO-ON HHS 


PRESSURE COEFFIC 


X/C UPPER LOWER 
3 
5 
6 
3 
7 
4 
1 
1 
§ 
2 
0 
4 
8 


.85 
67 


13:35 





JAN-82 13 


15- 


CECE 
CoN 


ee 
si ee 
ern ge Ret 

ee hema at nn 





Figure 441, Chordwise Pressure Distribution, Steady, Configuration 5 
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Figure 455, Chordwise Pressure Distribution, Steady, Configuration 5 








4N3!9144d309 3UNSS3Ud 





44/0 UYUSAOT U3ddN 39/X 





G uoLzeunBiyuo0g SApeays SUOLyNqLuzsiq aunsseug asimpuoyy 69G% sunbLy 


68°65 EE ZB-NYUP-21 






9659" 4 


2gS°G- = NIVLIV JO =)9NU 268° 6 = ‘ON FOUN 


a/X 
5 Q" 9° n° 8. 
@ 20Ned9 
f ~dNed) 
© 70N2d3 5° 
=e ae 
| 
| a 
t. w 
ba = | 
/ des ; 
a 
= 
mom 
eee SE 3 
> 
% = 
88S6'0 S96S'- 9296°0 Z10° o 
B91E'O CS9C'- S9v0'~ 090° = 
| Z29¥0'0 6Y61'- LB¥i'= ISI 
£0V0'= BL¥L'- 188i'- Bzz' 
: 91Z0'= 199L'= 9e6i'= 86z" 
8800'= Bill'- SSL1°- Sty' 
| $600°0 ¥ZSl'- 6Z¥L'= 22S° 
O140'°O LEEL‘- 92Z1'~ 629° 
6010'O S9Z1'= O9)1'- OZL' 
L010°0 SE80'- BZ10'~ PLL’ 
¥600'0 $610'- LOlO'~ 9s¢° 
6900'0 9190'0 $890°0 ove’ 
| 1¥00'0 SIZL'O 2923'0 886° 





489 


A ge eye st en 





ee ey ee 
it Ete 5 lt 





eer 


A PT TR IT 


cad 


Sean eee neal 


perro 


G uoLtzeunBiyuog SApeszsS SuoLynqiuqsig aunsseug asimpucyy *£Gp aunbiy 


Bci6ttEy Z8-NO-=4 


? 





\ 
! 
a zi a a ae ! 
a = -_ 
2 *q \" H 
: ae a ie a 
oo 
t 2 
. 4 
a ae ,? 
A , 3 
= i 4 
4 i 
wn f 
LZ 
a ad a i 
Pot | ° = 
Co) ‘ 
@ ; 
—h 
ie =) ' | 
68Z9°0 SSOR'- 0f%Z'0 210° on 2. | i 
- @m f 
L1S1°O Zv8Z'= OLZ1"~ 090° sl 3 
SEvO'= LpSi'= ZBBl'= 1st" ; m, ‘ 
ZZOL'= B6Lb'= OfZZ'- Bzz° 
CLLO'= ZOHh = QL1Z'= 862° | 
6LE0'= O6¢h'= OL81'- eZe' 
LE10°= ISl'= zZeyt'- 81S" 
£100'= SOZI’= BLZ1'= 819° 
£900'~ SSib'= 61Z1'~ OZ2' 
1S00'= OS10'~ L080" S22’ 
SE00'- $910'= 2610'~ 8S8° 
8100'- 8850°0 0250'0 0F6° 
8000" 7$91'0 ShOL'O 886° 
4d1Q  W3M07 -W3ddN 9X a oF -. 
1N3!2144d309 3HNSSSUd 


Seae'| =k 
200°8 += = OULU JO 29NY 2G8"6 


"ON FIUH ; 





TRG ree peer. 
SR ET erm aaa tt aa tea 
fy 


See - 


ON ere ae rege 


Cee nn nnn nn eesanpentenstinemmtastnasimmersnnedtmemeny oeiemenemnestencaneneenne nen anne arene ena ate ae rea HCaasisie Dane eEe 





Siren Ge 





G uoLqeunBijuoy “Apeais “UOL3nqLuqsiq aunssaid asLMpsoyy *BGb aunBLy 


94°82*ET ZB-NU-ET 


D 3 
iri] a 
G4 

/ 

Z08Z'O LO1Z'= 9690'0 230° 
Z600°- S86i°- 2202'= 090° 
CPEL'= C60L'= SE"Z'- 153° 
CE9L'= G6R80'- BZSZ°= Bzz" 
GHEE" BOLL’ - Livz'- g6z° 
GLLO'= SZEL’= OFOT' =~ CZP’ 
S9EO'= SEZL*- O091'= B2g° 
1LZ0°= LOS} °= BlEL*- 619° 
ESZO' Z90l'- YIEL’= OZ2° 
8220" Z2990°= 1690'- Sil’ 
€810‘- 0600°- ¥r2zZ0'~ 359° 
ZZ40'= 8E90'°0 LISO'O OE’ 
6900°- €891°0 FISL'O §$86' 


4430 = USMOT =UAddN = 9/X¥ 
4N359144d309 3UNSS3Nd 





ZUBLILYJ309 unssaud dq, 


491 


ee a ee 





Tn rr 


E.On 


Someated 


—_— 


- ee me 
~ eee Ae a td! staple es 


— < 

















er nt et rt 
Nepean aA Atte te ARNON NRA ET 


Toe er meg 


G UoLqeunBiyuo0g SApeaqs SuoLynqLuzsig aunsseug asimpuoy) *6Sb aun. 


Retoe*EE ZB-NUr-st 


paiiemeantied 
een Co a Pee = Le ey yea 


Bet Ma 


et et ore ee. 








20S°G- = AIWLIY JO S1SNB 299°S = ‘ON FIBH ‘ 


i 2 30 
} O) 7 
| Gi 
! £0 
Be ta 
iJ i 
3 E 
3 
~ i 
@m 
”" 
2 
= 
“Ss N 
om fo.) 
o + 
ead 3 | 
h 
| | aad 2 
L2Z16'0 1¥L9°= SE98°O Z10° 2 i , o ! 
GEZE'O ESLE°= S870" 090° ie <e a ' 
€2v0°O O10Z'= 9ES1i'= ISk° 
| LLVO°= SOSI"= 9161" 82z° 
86Z20'=- OF91'= B6E61'- 86z" 
Sv00°- 8S91'°- SOll’= SZr' 
¥O10'O OL¥L'= 9981° g2¢° 
; $Z10°0 90E1‘= LBL’ 629° | | 
9Z10°O ZSZ)'= SBil'= O22" i 
9210°0 6E80°= S420°° Sl’ | i 
ZLL0°O 19Z0°= HZLO’- BS8° i 
$800°0 $€S0°0 0290°0 O06’ ‘ 
¥S00°O Z291°0 $291°0 886° j 
FER W3M01 WSddh 9/X ’ 
4N3/9344309 S3uNSSIud i: 
SERL'S = e 
| 











een tt A antenna tn MR eae rn, 
‘hs aati Lette Di teein an cle tetra”, 


, Ke SONCONGSrANWTOOW 
Zu COSONVMOCTOTATALO 
+ w~—- GCOoOVeoocOonwarTton 
o” esoocoocoooooorew 
' -_ eorri1isrss sts sOo0 
vs 
Le - Oath ENTER OOHO 
Wile OMMWK AAMOMM BON 
OF Cr Or aao~ne A200 
0o0 ~o eorex" 0eag 
wal eer eee em ee ew ew ow 
7 oor r~ptaerperespeses 
Se MONMCTOTNOS. BOO 
Nw VBMHHOONYNTOTNE OO 
NA OCO- ON OOK CHAGOO 
wa. SOS e rere 
+ 2D oats Oe le 
a Oorrtrrerssse 
Do SCOoSTOArVSS-OW OHO 
~~ OFTWOHRANREANANM Or 
' — ROOMKOHENNK OO (294.9 6 8f..3 
ice le falda late. (SNe? Bt ede S 8 tetas w 
i= 
°o 
: = of 
Te id 
Ss s. 
as = 
ee Lor) 
oO — 
aa Ge 
Cc 
“~ 
(2) 
La oO 
Pa =z 
; = o 2} 
: ce 
aQ t$ @] co 
t oo 
: w 
» 
| ” 
u 
2 =! 
Oo Oo 
Cc ~™ 
_ » 
~ 
= 3 
‘ oa = 
ov Le - 
= 5 
wy " : 
oe ad q 
> vn) I 
z 1 
@ j 
Stl 5 a 
ae “ 4 
os) n : 
— w 
Ss 
a. 
HT) :) 
i "n 
°o >: 
= = 
: oO 
. 5 
« p= 
x= o , 
f 
> 
Cc 
Oo 
+t 
y 
= 
an 3 
: ~ 
i 1 
th 
x 





ete 
eee 


U9LIL 44909 sunssaud <4, 


ore mem 


493 





~eee + - ee es > es rs 
pene me we ee a ee. Eg a ee nea oe crc nan te a eo ey Ter ee nn ee a 
* 








Oho 


L¥80°O ELLE = SOZL°= Z10 
6880'°- S88i°- SlLZ*~ 090° 


QZEL*- S9B60°~ L6ZZ°= ISI" 
GLEL*- BOR0'- L807'- 82zz° 
VIGO" S660'- O161°- 862° 
2Z0S0°- SSOL’~- Z9Si°- bzy’ 
S820'- 8960" ISZt*- L139’ 
L9ZO"~ HBBO*~ ISIE = 629° 
1820" 8980°- G¥IL’- 022° 


6820‘'- 1860°- 0280° 
S9ZO'= LEZO'- 9670°- 898° 
Z0Z0'~ 1920°0 6700°0 06° 
EZL0°~ 1601°O 1260°0O 886° 


4d1G = U3MOT =YRddN 9/X 
4W3191443909 JUNSS3Ud 





uoLrzeunBijyuoy SApeazs ‘uotyngiuysig BANSS8Ag BSLMpuoYyy *T9p sunbly 


EG*12°ET ZB-NUC-81 





1246 'h =A 
29S °6 = NIULIB JO =JONB 268° = *ON FOUN 





4uatd1jja0d aunssaud dy 


-- . re re i ep ee ne 


‘ t 
t 


494 


am aad 


oe ae eee 


ae 


wa 


! 





ee 5 TE Pe ee Te 


a 





eal etree eet oetetienemmeetnemaemeeneeaetemimnaes teens eam ee 





= > TORY 
i ne ceeete ee 


g uoLqzeanbisuog SApeazs SuoLgnqiuqsig aunssaug asimpuoyy ‘zg94 aunbiy 


Te?37'€F Z8-NUr-eI 


OHO 


N\ 
S 
I~ 
~~ 


q 


Cady tt 


UAL 4909 sunsseud d) 


Pitt 


€286'0 vZrl'- 66SZ°0 210° 
SE0G'O 996’ {1660'~ 090° 5) 
1860°O 108L°= Olvi’= 191° 

O190°~ GHIL'’= BSL1°~ 822° 

GlZ0'~ OLEl*- Lest’~ sez’ 

4000°0 E1EL'- 90E%'~ EzH' 

8¥30'°O WELL'- 9601'- 11S‘ 

$640°O E1LL°= Z2260'- 629° 

9120°0 Shib°- 1060°~ 022° 

6¥Z0°0 1980'- Z090'= ¥1l' 

@S8Z0'O 68v0'- LEzO’~ ss8° 

9020°0 2¥00°O €S20'0 OVe’ 

9210°O 8960°0 €601'0 896° 

451 = U3A09 Waddn 9/X 

4N3191443309 3UNSS3Nd 





122671 =h 


‘ON F3BH 





495 





ewe 





ca al Te 





| { G uoLqeunBiyuog Seay SuoLgnqiuqsiq aunssaug asimpuoyy SE9b asunbLg 
( 


9S'8S*9T O8-AUN-96 


Bare wa oe 


= 


St'Sl~ LS8b'6 061 '6- 
998°S- C8tr'y LOW r- 
Z80'9- 2260'S OS0'S- 
26° ¥~ ELL¥°S VOS'Z- 
S7S°¥- LOVZ'S ZE7‘ Ze 
3 89L°S- SLS8°S OLB" I- 
ZiL'T- L8VE'L Pe I- 

STL°Z~ S9LO'L BOL t= 
£98" le 2¥98°0 Sz86'- 

9ES*t- ISb2'O vOZE*- 
vOO' b= OS¥¥'O L6SS°- 

SECS’ - C20Z'°O C1zZE'- 

COCZ'= SSSO'O SRLI = 


ad1Q = WRMOT = WAaddn 
AN4191443509 3uAnSSaud 


qU9L9L 44909 aunssaud dy 
496 


Oe ne ae 





4gSE “OB 
MIULIY JO JIONG 888°6 = “ON HIBW 


888 °S 





ig EO re rr FE OY 2 + “Sa 











$8°St- 
$8°Ol- 
228° 9- 
008 °$- 
999° ¥- 
SLL‘ Se 
L1L°- 
120°%- 
¥Z3'Ih- 
60S" 1- 
Cho’ le 
vers'- 
6S9z'~ 


4410 


806° tL 
vyiy’s 
so6e's¢ 
60¢9'2 
L0z%C°% 
Zlce’t 
6yie'l 
0¢s6°0 
£9s¢°0 
$¥69°0 
bore’ o 
Zv0z" 0 
22$0°0 


w6°bh- 
vty's- 
9tV' o- 
699'Z- 
L96°Z- 
026° t- 
ZOP' S- 
880° [- 
b896°- 
svie'- 
S2lS°- 
Zvrs'- 
LOGb*~ 


ARRON te EO ERA en Ug LTH 





zt0° 
090° 
$Sb° 
822° 
86z° 
ctr’ 
gis" 
629° 
OzL° 
$lZ° 
88° 
Ovs' 
826° 


W3AOT UaddN 93/X 
4N319134309 JUNSSINd 





alg tee a = 
" Fe OF ee ee ere ne ae 
- ot amigos 


NE TTR co on nope 





atta | 


G UOLZeunBijuog SL eay SuoLgnqLugsig aunssaig OSLMP4AOYD) “9p sunbLy 


'2?18°2ZT BB-AWN-96 


888 °S 


€S89°6 
= MILley JO FIONN 999°6 


f 


= "ON HIUH 





JUSLILJJIOD Bunssaud 4, 


497 





—_— 


-— 





TORS See Ra Ca ge Se 


ee Ms nace MOET etn 
Rei mt an a a cle ln eee 














G uoLzeunbiyuog *;eay SuoLyNgLuqsig sunssaudg asLMpsoy) ‘SOF aunbiy 


6E1GLE O8~-ABH-98 


60'8Z~ VEO'HL GSO'HL- 210° 
wS'Sk- CHSZ'9 982'°9- 090° 
b2S*L~ OS92°S 908'S- ISI’ 
b69'S- LOZ8°S OL8°Z- 822° 
ECC '¥- OLE"'2S 96H‘ Z- 862° 
798° 6268'°1 696'1- Czy: 
bLL'Ze C808 LOW’ l= BLS° 
1$0'°Z- €2796°0 880°l- 629° 
OLB’ te ZLES°O BZLE"- OZL° 
yOS' te SLL9°O Z9ZB'- Gil° 
OFO0' l= GOCW'O ¥EES'- 8S8" 
tVLS‘= OSE6L‘'O Z6LE*- OF6’ 
8097'~ 9SE0'°O ZSZ2%'- 886° 


da! = =YaMO1 Y5ddh 9/X 
1N31914d3909 AWNSS3ud 


8966°6 
888 °S = MIBLIY 40 JISNU 658°S 


"ON HOYW 





3919143809 aunsseud dy 


498 


| 


~en ~ 


wre 


—— 


=~ -- 





ll et a at no she deta Tt le ts 








G UOLZeUNBiyuog *peay SuoLANGL4qsiq aunssaug SBSLMP4OYD 899% ~sunBbLy 





LS*18°2ZT 68-ABH-98 














SBL "k= 9ZLB°O ¥OS6'- O7Z2° 
SOS" b= CLS9°O BS¥s'- gz2° 
SS0'b- Zyiv'O isso'- ese: 
1809'- LELt'O OOS¥'- OFE' 
19i0'- 9200°O SolZ’- 396° 


4350 = U3MO1 YaddN os¥ 
! 1N319143309 aunssaud 





a/Xx 
g 8° 
© ONId9 
f NII) 
© ANI} 
i 
eee e | 
{ 
Esl fae y j 
; bd 44 
ot] n ' 
+ ae Pe Ss 
Feote-ele_ o ; 
ie aa at ae g | 
; © an y 
= D 
ae 
| ae a ee a 
® | | 
ct ¢ t 
ZB'Sb- L8E6'9 196'°9- 090° i 
Liz'S- 2620'% LEs‘¥- St: 
1$0°9- %866°2 BE0°S- gzz° 
99'S 62¥S°Z Si9'Z- sez: B1- 
3 986'S- 8ZZ6'L S10'Z- Eze: 
ae $69°Z- 698Z'1 BOR I~ 915° 
$Z0'U= 6E6'O 680°1- 619° 
i 
- 
pe at 


=r 
pet 
‘ 
~~ ae 





6£42°3 ss 
680°6 = NIBLIN 40 FISNK 999°S = “ON HOUH ie: 








[rrr rrr crn 


62° te~ 
98'¥1l- 
299‘ 8- 
762° 9~ 
662'S~ 
¥S6't~ 
Lv9'°Z- 
986°1- 
Giz" t- 
90S" I- 
210° }~ 
SZgo'- 
6962°- 


ddl 


1N313144309 3UNSS3Ud 








b S6'9b= ZkO* 
2 ¥S¥'l- 090° 
¥ 4SE'¥- ISt° 
© GSt'S- Bez 
Zz 689'Z- 86z' 
b L20°%- Szy 
b e66°t- 2l¢ 
0 £80°t- 629° 
© 6886°= 022° 
0 £898"- ¥Z2° 
O Z2Sl9"= sf" 
O vO8rY'- Oe’ 
= 78Ze°= 386° 


W3AO1 U3ddN 9/¥ 








G UOLZeunbiyuoD *Leay SUOLANGLUASLG BuNSSeug aSiMpuoy */9p aunbry 


SI*20°Z) B8-AUW-98 





689 °S 


ZEGr*T 
= MILI JO JIN 888°6 = “ON HIGH 


quaLoatjjao0d aunssauad a, 
500 


3 = i) igi tate A sats 


~~ we ote 
Shee i th cmt ea tl Amn mn ak A mens 


—— 


as swe ter 


: ayy * dl 





ae see a a 
\. eC De rear Ter eno eR BO 








cE*28*ZE BB-AUN-96 





— 


G uoLzeUNBLjuoD {Ray SudLgNqLazsig aunsseag aSLMp4oy) ‘gg¥ aunbi4 


~~ -- 
a et 


3Uua}91435909 aunssaud 4, 


wat ee 


98°9S- ZOV'Si o¥'Gt- 
fL'Ot= 9960'S 960's- 
S¥Z°6- S8S'¥ 1S9'P- 
6¥5'9- BHEZ'S Sit's- 
ZSC'S- GS"O'Z SL Z- 
1S8°S- G898"l See t- 
86v'Z- 1891'1 Ose i- 
S16"l- OFS8°0 ¥90'I- 
| OVL'l- SSSL°9 LL66’- 
CfS't- 18Z9°0 $¥08"- 
| SSi'b- 886C°0 ¥OGZ'- 
990L"= 62Z1'0 168S"- 
CZCS - ¥EEO'- BIEH'- 
| 
| 
| 


di1G)  -URMOT Addn 
1N31914343300 JUNSS3ud 


— 


en tt a TE ai 





986S°1 
860°S = MIBLIY 40 ISN’ @88°S = “ON HUW 


501 











Bt en te ee. 


LZ9° b= 
vee *l- 
0$98°~- 
OL6E°- 


ddl 


SvS'6l O9°6I1- 
929S°8 679'8- 
CLL’ OS8'F- 
06%Z°E 918't- 
62¥S'°% OV9'Z- 
eeez’t LSs‘t- 
9680'1 S9Z'I- 
L47€8°0 $90't- 
L¥S2Z°O 810‘l- 
ZE$9°0 0896'- 
¥SSv'O @818'- 
W8EL'O OFZ ‘= 
Stvl'- 80”S'- 


W3MOT_ U3ddn 


IN319144d309 JUNSS3NG 





zto° 
090° 
bSt° 
827° 
86z° 
czy’ 
8is° 
629° 
0zL° 
Gkd' 
sse' 
Ov6° 
386° 


o/x 


G UOLZeuNBLyuOD S;eay SUOLZNGLu4ySLG SuNSSaug BSLMpuoY) ‘69% aunbry 


67°28? ZF B8-AUN-98 


806 °D 


SEBZL* 





j 


= MIULIG JO JISNY 688°6 


qU9L9LjJ909 aunssaud dy 


502 





fine areata nat te li ne A i 


SS 


weer ee 














G UOLZeunBiyuog “;eay SuoLyNGL4{SLg aunssadg asLmpuoyy ‘OLb osunbLy 


8G*EG*ZT O8-AVW-9B 
/X 


A 
qj 


SERESS ER) 
SECELR EE) 


eco ee © 2 OM 
Serer were Ten 


oc eee ee COM 


e 

°o 

~ 

Ly) 

2 
TOUDNa~-oTro~r 
—OOrOn-NOTT 
O70 Ore-aaote 
OMQQanhenroae - - 
eS O00 ere TEN 

~OMARSON= 
ORNS K Or wWwW 
Nee Toor 


3d1/0) = -U3MO1 =W3ddh 
4N319144309 3UNSS3ud 


1296" 4 
368°6 = MOVIIW JO STONE 988°S = “ON HIGH 





WUSLILJJ909 sunsseud “d, 


503 


= 


aaa de tt ts a 








cman Nec Ne a al abe, 

















OFF 





eo oernrerrOOoO1 1 1 


wATN DOO’ N”N CONE 
ANE KH BK OAK O-— hero 
nNTOMOH-K- COSTING O 
MOM +--+ + --NONM CN 
°° eepemqmeye ec ec ew tw 


pespteaets 300e¢ 


PRESSURE COEFFICIENT 
7 
§ 
3 
§ 
8 
5 
4 
3 
8 
6 
0 
3 


X/C UPPER LOWER 







OOLSTOAOOMLOO-ON OHO 
OFNKRARLANANHOK 
AWOn-K OM ETNNSOO eaeemins 


a ee ee er ee ee nDHO 


res «Oana STIS, ey PONTE ENE ee eer ENTEU Kerr 
sia ni as i la a nn mc 


EEEEEECENFEEE 
e SU a 
“LETT TTT AN LE 
[LTT LL Ree 


N ‘Oo RS 
t _ 





in 
c 
6 
- 
eS) 
ve 
\o $s. 
N Ss 
be =, 
= Pod 
= ¢ 
ps ro} 
o 
= 
o a 
, s | ¢ 8 
c 
s dl = = 
' - 
: = { S oD 
j a S 
| 5 
u rN 
“ a 
r= 
= | o 
= re 
| : = gj 3 
: bw — 
Fd = 
las 
in 
Frot) Fo 
Es = 
2 
; cS 5 
wo Ww 
2 v7 
S @ 
ra 
a 
rT) 
7] 
- 
he 
ra] 
<= 
rz) 
a 
toe | 
| ad 
t 





19 


: - 


1 7 7 


Figure 


QUSLILJJIOD Sunssaud “d, 


’ 


rahe Raat nn wn ale + ee ae 








G uoiqeunBijyuog SAueurBbewy ‘uoignqluzsig eunsseig aSLMpsoy) ‘ZLb 


LVL6°6 S26'P- 9986'F ZL0° 
Svyy's ZE9'l- LZSl't 090° 
8S16°0 OLZ¥'- 688¥'O ISI 
LEZL'- 2860°0 66Z0'°- 

SYZL'- S¥EC'O VOSE'= 862° 
OS’ t= LL8L'O0 9222" ~ 

SvO'Z- BES0'°L LI6G6'- 82S" 
QSL°Z- BBOL'b 6¥O'L- 619° 
w¥L'Z- BOOL'L SHO l= 022° 
ZLO°Z- E90 t GOO'L- Sil’ 
BLL’ L- STL6'O SSSB°~ 8S8° 
OSZ'b~ 809° BSE6S'~ OVE” 
0629’°- vOEE'O 986Z'- 886° 


dd1d = W3MOT YAddh 9/X 
1N31914d300 3WNSSAud 


OS*49:Z1 GB8-ABH-98 


i pi 
a 
% 


8 F, 12 
o A 
PE si 








€S89 "8 
886 °@ = NIVLIN JO JISNE 988 





yualoLjjaoo aunssaud “d, 


505 








~~“ eae 
Pr Se a See ee read 





ca aaa are tai Sree 
, ey 


| 
| 
co | 
! 
Ct 
, | 

OLS'Ok SSL'S- 

Z09$'S OSL’ I~ 

1616°O ¥BzZy'- 

v¥SL'~ 6860°0 

SHILL'- 96920 

6Ey'b- LESL°0 


868° t= $186°0 
926" b- SOZO'L 
SS6°b- 8600'1L 
Tas" l- ¥226°0 
809'l- Feee'o 
OLb‘ b= 8089°0 
z789S'- 890f°0 


ddid Y3401 


LNI19134909 FJUNSSAUd 





SITES ea a REN A TN A EET a En PTR a A PR SB 





pe Mae 2 eisai SNES SE a ee 


G uorqeunbijuog ‘AueurBewy Suolynqr4zsiqg aunssSaig asimpacyy “ELb aunbt 4 


GS*SO*Z) @8-ABN-99 








J 





' 

4 

Pees i 
fan Oba Pees 

&Y oer gy Y i 

' 

an > 6] , 


4 
* 






506 


WUaLILJj909 Bunssaud ‘d 


_ 


—— 


L6ZS'= OF6° 
SLOZ"- 886° 


WaddN = 3/%K 


* 


a rt a li 


—. 


“. 


8966'S 
086 °S = AWLLY 40 JISNY GB8"S 


“ON HIGH 


seat SS 
q Po sn te er 
ee Mn ll ca 





x 









G uoLzeunbiyuog SAueurBewy ‘uotgnqiuysiqg aunssaug asimpuoug Splp ounBLy 


9V*98*ZLZE G8-ABN-98 














fj 
, 4 
i 4 
_ 
| , = | 
@ 14N ; Nae | 
@® IAN 
: wae . 
t , 4 
[ig 
(ae ee ae ee a7 
a 
om = 
on) t 4 
ce} { 
ae Paes ae } | 
a Baa 3 
ier a 
: ~m | 
; : 
a ee ee eee : ! 
= 
©. 
eS9S'S ZSL"b- Lele’ 090° ct , 
@SC6'0 BStr'~ 696¥'0 ISI' : 
. 6160'= ¥080'0 SZ10°- Szz° 
| C1$9'= 9096°0 196z'~ e6z° 
6ZE'b- 1169°0 SLE9"~ Czy" 
8Z1'l- 6868°0 68Z8'- 15° 
CSL’ l= 28Z6°0 OSS8'= 619° 
6Si' be LLL6°O SZ¥B"= OZL" 
; LO9‘L- @188°0 Z$08'= $2Z° 
SEY’ b- 0991°0 8819°~ aga° 
9086'~ 9Z55°0 O8S¥'= OF6° 
6L0S'- $682'0 991Z°- 8e6° 
J410 W3MO1 HaceN 97x 
1N3}9144909 aunssaua ; 
6L92"1 ) . 


699 °D = MIBLLY 30 JISNY G68°S = ‘ON HIUN 








G uolrzeunbijuog ‘AueurBewy ‘uorzngiuzsig aanssaug asimpuoy) ‘G/P aun6bi 4 


9E*98*2T B8-ABK-9G 





508 


SOZ°OL SLL'S~ ZLL4°S 'ZL0° 
6OSS°S S¥Z°L- SS08°1 090° 
CSv6'0 OZ¥H'- Cf0S'°O ISt° 
120° 8290°O €S00'- 822° 
SSLO°- 96CE°O BSLZ*~ 862’ 
SZ" l- SLE9°O VOBS'=- CZF’ 


WUSLILJJa09 sunssaud “d, 





¥O9'L- 0669'°0 SS9Z'- ZLs° 
v¥O'L= €298'0 GI8Z'- 629° 
Q19'l- O1S8'O GL9Z°- OZL" 
SYS’ l- 1818'0 86ZZ°- HLL" 
LEE’ k= Z802'0 O809'- gS¢° i 
$906°- 1£20$'0 980'~ OF6' ‘. 
199%'= 9Z8Z'°0 Seel'- ese 
J31Q =: U3MOT =~W3ddN =—9/¥ f 
1N319134309 3unS$3d ' 
t 
Lgar't : ; 
666° = WOYLLW 40 JTONH GG0°G = “ON HOUN s 


il aad 











G uoLzeunBijuog *Aueurbewy Suotgnqiuqsig aunssaig astmpuoy) 692% aunbiy 


€S°9G°ZT @8-AUN-98 
3/X 








> IGN 
Q) TWN 
@ IfiN 
ic HA 
fo eed 
=. 
gga : 
ao en aa 4 a 
ian 
(o) fo) 
3 B 
— 
ee 3 
: 
@m 
VOL'OL €20'S- S190°S Z10° ey 3 
GLOS°C WEL t- LESZ*l 090° F 
9996'0 SZ¥Y'~ ¥Z0S°O ISh° 


19S0°- 8850°0 1£200°0 822° 
9VLS*- O61LE'O SSSZ°- 862° 
LSb°b- $609°O SLYS*- Cor: 
Stvy'b- 69SL°0 O8L9"- 22S" 
Lyv'l- 2692°0 6119'- 629° 
Sly’ bl- 6L9L°0 0099°- 022° 
LSE°L~ 9672°0 9LZ9"= HLZ" 
OSL b- ZZE9°O 9S0S"°- 898° 
LOGL*’~ GBLOV'O 8OZE’- OVE" 
OLO¥’- 82Z8Z°O ERTL’= 886° 


43/0) = UBMOT =U3ddNn = 9/X 
1N319144309 JWNSSINd 








9865" I 
888 °S = MOULIN JO JISNY 698°G6 = “ON HOUH 


















G uoLzeunBijuog SAueuLbewy SuolLynqtuqsig sunssaug asempuoyuy *//p sunBbL4 


TESZOtZE @8-AUW-99 





qUaLILJJa0d aunssaud “dy 





888 °S = MIULIU JQ JISNU GG8°S = “ON HOEK 


oO 
a 
to 
} 
00V6'6 ZH6'¥- ¥866'r 710° 
Luer'C Ell’ t- LOlL°s 090° 
9916°0 68Zr'~ Z2Z28¥'0 ISL" 
GLEO*- 6EL0°O SELO*= 822° 
| GReS'=- LGEZE'O CE9Z' = 8bz' 
H S60°l- GESS'O OOLS'= CzP' 
QOE' I= 9F69°0 OZ19'- 825° 
96Z°l~ 6969°0 686S°- 629° 
¥9OT' be CS88'°O ZBLS*~ O22" 
LOL‘ be L6S9°O 92¢S*- SiZ° 
200" b- 6919°0 O¥Z%¥'- 858° 
Z869"- ZeH¥'O BESZ'= OF" 
GI9E'- LEBZ'O CEL0’~ B86" 
4410 YURMOT WAddN 9/X 
4N319144d309 FJUNSSIUd 
| GSE94°3 . 
i 
I 
! 
{ 
| 
{ 
{ 











G uotqeunBijuog SAueurBbewy Suolrynqiuzsig aunsseug aStMpsoy) *g/p aunbly : ‘ 


82°20: ZT G8-ABH-98 


re 


Pe en aes 


AL Se as Os Roe. en Te 


S68'Ol OZ¥'S- LeL¥'S ZLO 
GEss's ESl°t- 8508" 090 
6Zv7'O SHEL'- 98¥7Z'O ISL 
b98S'- GOZE°O LS9Z°- Bz" 
9ECL’~ L96E°O BLEE’~ 862° 
@LS6'- 801S°0 69¥¥'- E2P' 
COO'l- Liv¥S'O wl9Ov'= LLl9° 
LLe6'= OF7S'0 L9L¥'~ 619° 
9688'~ 6OS'O L¥8E'~ O2l° 
LLQL'= 9L9¥'°O SELES’ ~ HlLZ° 
6179'- SSL¥'O T90Z'~ 858" 
GStr'- 7Z98°0 SE1L0'- OF6" 
O0VZ'- 876Z°O B2S0°O 886° 


dd1G = =YRMOT UaddN 9/X 
AN319044909 JWNSSANd 


quaLdLyja0d sunssaud “dy 
511 





1296°3 
G36°S = WIBLIN JO 2ISNY 688°S 


"ON HOBH 











ET ee ee 














Q UOLZeUNBLJU0D *G/p BuUNBLy 








g uoLzeunbiyuoy *Apeays Suorgnqtagsig SUNSSeAg BSLMpsoYyD “O8py aunbiy 

Te'sStet 2B~Nur-3] 

/% 
B*3 g° i 
:0QN2d9 i 
ON2d3 
| ON2d3 
180-49 ' 
| | 
we 


S¥VS°O 8¥EZ'- 


6Evl'O £807" 


$ 
6 
v 
0 
9 
$ 
t 


$200'- 0€10° 


ceO'~ S¥Ol' 
Z60'= 7080 
cLO"~ OLE 
6E0'- SRel 
910°=- 9961 
OLO'= 822t 
600'- 9911 


b$00°= S100°- 
Qt00°- {¥l0'°O 
ZLQ0*~ S$281°0 


adiQ  3M01 


4N319144300 3unssaud 








alt, 


HHO 
weds MD 


. 
eT Val 





yi tt 


qUaLILJ1a09 aunssaud 4, 


{ 
£682'°0 Z10° 
v¥90'= 090° 
oleb’- ist’ { 
1eli’= 8zz° + 
6Eel'- 8éz" i 4 
ZLLLi~ S2y' . 
Zest = gzs° 
ZEeel’= 629° ' 
LSZL°- O%L’ { 
$080'- pll' { 
9Z10°- 9S9° bi 
Si20°O OVE" 
£181°O 896° 

9°- 


'§ =A 
={3NU 268°9 = ‘ON FOB 


To nme ane 











f a ete —_——- = 





9 uolLzeanbijuog ‘Apeays “uOLNqL4zsig aunsseig asLmpuoyug *T8y aunBry 


ZE*S2°ET 2B-NUP-8h 


Tn ee ee eee 
san 





2 29 
a = 
4 | 
J | 
“4 
| | 
! } 3 
oO t 
aA 
bs oo | | 
g 
© i 
n t 
wn 1 
< 
© = 
oO ata 
So 
o ; 
“hh 
= ' 
ante t 
¥8LE°0 6061'- ¥281'0 Z10 9, ' 
0850'°0 9691'~ 9901" 090 © 
ZL80'= 6920'- 1¥91'= 1S} = 
ySEL'= 68S0'- CHEL'- zz 
ZOIL'- 6260'- Of0Z'= 96Z ; 
6690'- OfZ1'- 6Z61'= Eze: j 
| 1660'= ZSZi'- By9l'= 815° ; 
062Z0'~ SELL‘ 2z¥h'- 629° | 
Z9Z0'~ Z80l'- PEL’ = O22" 
QZZ0'- SS90°= 1880'= ¥22° , 
9910'= 8100°~ H8lo'- ssa" 
yO10'~ 8210'0 ¥190°0 OF6° 
6S00'- 2¥81°0 88Z1'0 886° | 
{ 


ddid) = WRMO1 UaddN 9/X 
4N319144d309 FUNSSIUd 


—-< 
+4. 





oo 


#25 '6 =\ . . 
24S °@ = MIULIW JO SONU 298°6 = ‘ON FIOBW 








LZOUL‘O 
8622'0 
2220'°0 
2090°~ 
S¥E0'~ 
0800'~- 
$900'0 
2800'°0 
0800°0 
9100°0 
$900°0 
6700'0 
$£00'°O 


441d 


os 
ats 688 6 pau 


NNOWr-HORO 
NOMS NON 


NO TWO OM oO 
Ore were rH NO 


o 
Lz 


eo 
o 
oe 


eeto' 
2010'0 
4081'0 


98Z2°0 Z10° 


Lye" 
o° 
—N 

Qo 


Q~-MOOnrDOD 
Corte —-WO— 


1$Z0°0 oF6° 
SE8i'o 886° 


W3K01 YSddN 93/X 
4N3!1914ad509 JUNSS3Ud 


[RARE ecm ereR Ceres meee POE RETR RAR ET: 
‘ - EE IE Een Lepr 


RY PE Sp, 
PDN «tl a ee 





g udLzeunfitguoy SApeazs ‘udLqnqiuqsig aunssaug asimpuoyy *zgp aunbey 


8S'82°ET 28~NUP-=5 





OHS 


d 


yUaLIL4yja09 sunssaud £79 
515 
ll tact ke peas usset oe tan 


~ 


090° 
HS)" 
82" 
86" 
TA i 
BLS" 
629° 
022° 
pll* 
893° 


OnenNTOOWM 
Ooo3r~r creer 
. 
4 


ee eee EE ae 





be 
J 


250°C 
29S°8- = NOIWLiB J@ STONY 266'H8 = ‘ON FOUN . 








9 uoLzeunbiyuog SApeags ‘uoLgnqisisig BANSSBAg BSimMp4ouD SESH aunby 


be?6e°EE ZB-Ner-s) 








2 2 
w * 
D4 
2 } 
po, 
Ij 
i i 4 
bj 
' » 4 
1 f 4 
t f | 
{ 
o 0 
= [4 
io} | 
| e nd 
: o i | 
$ a 
be ‘ 
i © | 
8 wo { 
=} . 
! “th ‘ ‘ 
BH | 
{ oO i $ 
vi6S'O SERS" 62PZ'O Z10 a + | 
Z8PL'O LOEZ*- $160'- 090 s | } 
9650'= 10Zi'= 0091°- 151 > 
' 9960'= 9¥60'= O161'- 82z 
BELO'= OfZ1'- 8961'- 86z | 
88C0'= O¥PL'= ZERI*~ Sty’ 
| Z910'= SBEL'= B¥Si’- gus° 
ZOLO'= HEZL'- 9EEL'- 629° | 
0600'- 99}1'= 9SZ1°- 022° bj 
| 9100'= $Z20°= 6610°- S2l° 
0$00'- 6900’- 6110'- 8se' | 
8Z00°- 6¥10'°0 1Z10°0 OF6' Od 
Z100'= 1¥81'O 6Z81°0 886° 
j 


~ 


4310) = USMOT = USddh = 9/X 
41N313234309 S3UNSSAUd 





€529'6 =h 
| 200° = MOBLIN dO ZISNY 248°O = ‘ON FOBH : 








ia ideeenteeemieaennee 





DIFF 
-.0167 
11386 
424 

19 

28 


-.0011 


eee ee ee 


tseseuesteroe 
Or On QO 


“ 
xX~ Oo 1N1 2, 16.2 


PRESSURE COEFFICIENT 


%/C UPPER LOWER 











-940 0.0682 0.0787 -.0105 


-988 0.1804 0.1864 -.0061 
-858 -.0178 


—. 
Saha ch tliat Lome Si ali Sat SO enacts? 





wo 
~ 
iB 5 
3 oO bape 
’ aw = 
rot 
_ s 
i=2) 
“4 — 
bd Ge 
c 
=z 
Co < © 
s a) oO 
S 
mm a 
i) = > 
{ ao) 
© 
' u 3 
a ” 
| : 
Cc 
= re) 
ad 
(sp) 
wip s 
om 
ea pa} 
| | ci 5 
oud z 3 5 
= é 
c pa 
So 
W 
Ss 2 
bee 3 
a yn 
" 
wy 
1] S. 
a. 
o wo 
z= "nn 
7 - 
3 3 
< ‘< 
‘ = fo} 
<= 
oOo 
a 
La 
[2] 
wt 
@ 
s. 
p=] 
mn 
- 
co 


ZUBLILJJ9OO aunssaud dy 


ne 


veh fom 2 











Anais es | alas cay i ER Se se ae, 


$208°0 ¢€ 
9692'°0 9 
1220'0 8 
yOso'- 8 
6 
S 
g 


6§50°= 
6900°- 
$£00°0 
¥800'0 8 
{800°0O 69 
2200°0 20 
9900'0 82 
0$00°0 O12 
9600°0 


4410 = YRA01 


oorrrprenruse 


SOO ere Kr rKK NY 


© 
-_ 
o 
~ 


4N3!19144d309 SUNSSAUd 


g uoLyeunBi yuo) SApeazs SuoLgngiuzSig aunsseug astmpuoyy *ggy aunbLy 


ZEMBE TET ZB-NUC-=I 


HHO 
Nts LD 
sooo 
Weaz 


e9ce'o 210° 
0270° 090° 
LOZL'- ISh° 
c89l'= 82c° 
89Ll'- 862° 
vLOlL’- So¥’ 
Levt'= 8ls° 
Crel'- &29° 
ZLib - O22" 
$Zl0°~ SlL' 
1900°= 8S8° 
6$20'°0 06° 
ZS8L°O 886° 
W3ddN 3/X% 


29S °O- 





x 
~A 
™~. 
~ 
wats 





Vr 


il 
iM 


V 
a 
L 
he 
er 


Re 
2 


= 





ae 


mn N 
] 





€S 


14a) 


9°00 =A 


= WIULLU 40 =1SNW 268°6 = ‘ON FIBH 


U9LILjj909 aunssaud dy 


5138 











ON ne eee 








DIFF 


10.1843 «-,0012 


SOSAKNOSVOERADO 
ONS OCHO NVIO 
BSMmKONOMDWOOrKOT?T 
SOQCOS CCK ANANK KN 


oonrrsssevpes 3 


DOBHOADMOHD-ON HHO 
OPIORANRKRAANHOH— 
AMOK OMCTNNYK OO 173.9. 2 


eee re ee ee wo 
wma2=2zz 


oe Moe eee 


PRESSURE COEFFICIENT 
UPPER LOWER 


xse 


31:59 


JAN-82 13: 


@. B42 


| 


OF ATTACK = 


8.9768 


</ 





ae ee 
Tee 8 


2,808 ANGL 





* ° . - . ° 


r] ‘ ! 1 ! t a 


Figure 486, Chordwise Pressure Distribution, Steady, Configuration 6 
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Figure 530, Chordwise Pressure Distribution, Steady, Configuration 
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Figure 539, Chordwise Pressure Distribution, Steady, Configuration 7 
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Figure 546, Chordwise Pressure Distribution, Steady, Configuration 7 
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Figure 565, Chordwise Pressure Distribution, Steady, Configuration 7 
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Figure 578, Chordwise Pressure Distribution, Imaginary Configuration 7 
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Figure 583, Chordwise Pressure Distribution, Imaginary Configuration 7 
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